Cow size, reproductive traits and calf performance through weaning were evaluated in a range environment for Simmental (S)
Introduction
Selection of breeds or breed crosses is an important decision for costefficient beef pro-duction. Because breeds may rank differently for different traits, it is important to characterize breeds for a wide spectrum of traits affecting net economic efficiency. Although numerous beef breed evaluation studies have been reported, relatively few have evaluated specific breed types in rotational crossbreeding systems.
The primary advantages of rotational crossbreeding include utilization of heterosis in all dams and progeny and production of replacement females within a self-contained herd.
However, because breed composition fluctuates over generations, utilization of complementarity is limited and compatibility of 405 1 breeds is an important consideration (Gregory and Cundiff, 1980; Bennett, 1987a,b) . One common concern is that use of breeds that vary widely in mature weight might result in unacceptable levels of calving difficulty. Another concern is that use of breeds differing greatly in mature size and(or) milk production might result in intergenerational differences in nutrient requirements, creating possible management difficulties because generations generally will be partially overlapping. Furthermore, because each breed used in a conventional rotational system will contribute over one-half the genetic makeup of some of the dams and calves, it is important that breeds perform adequately with respect to maternal and growth traits. The present study is a portion of a comprehensive research project designed to investigate genetic aspects of efficiency of beef production. Production of calves to weaning is an important component of total system efficiency. The objective of this study was to characterize performance of SimmentalHereford and Angus-Hereford crosses in twobreed rotations and straightbred Hereford for calf production through weaning.
Experimental Procedures
Population Description. This analysis included data from straightbred Hereford (H), Simmental (S) x H cross and Angus (A) x H cross cows managed under range conditions at the Antelope Range Livestock Station in northwest South Dakota. Formation of breed groups was initiated with a purchase of 50 H and 50 F1 S x H heifers after weaning in 1972. In 1975, 60 F1 A x H and 10 additional S x H heifers were added to the herd. These samples of females were considered to be representative of heifers available to commercial producers at that time for each respective breed type. Following these initial introductions, all additional replacement females added to the study were produced within the herd as offspring of the initial females or their descendants. The two crossbred groups were managed in traditional two-breed rotational crossbreeding systems, eventually resulting in various levels of H breeding and heterosis within each rotation from overlapping among generations. The number of sires represented in the purchased heifers is unknown. A total of 513 cows and 35 sires were used during the study. Several of the H sires were bred to H, S x H and A x H cows. Sires selected were assumed to be representative of their respective breed, with emphasis on high growth rate relative to frame size. Cleanup sires were purchased from various seedstock producers throughout South Dakota. Semen used in artificial insemination was obtained through commercial outlets from bulls whose semen was available widely.
Animal Management and Data Description.
All purchased and home-grown replacement heifers were managed to calve first at 2 yr of age. However, because many of these heifers produced their first calf in Brookings as part of another study, only data from 3-through 10-yr-old cows calving at the Antelope Range Livestock Station were included in this analysis. Cows were maintained on native pastures the entire year and supplemented with alfalfa hay when forage was sparse or unavailable during the winter. Predominant forage species included western wheatgrass (Agropyron smithii), blue grama (Bouteloua gracilis), little bluestem (Andropogon scoparius), needleandthread (Stipa comata), sedges (Carex species) and sage (Artemisia species). For calf birth years 1975 through 1979, two winter suppplement levels were applied, stratified by breed groups. In subsequent years, all cows were managed as similarly as possible, although breed groups were maintained in separate pastures during part of the breeding season.
The total breeding season averaged about 8 w k In 1980, matings were by natural service only; all other years included both artificial and natural matings. Cows were culled for failure to be pregnant, poor health or at random to provide space for replacements. Pregnancy rate was based on palpation because some of the cows were sold between breeding season and calving. For analysis of pregnancy rate and weaning rate, scores of 0 or 1 were assigned for failure or success, respectively. Both traits are expressed as percentages of cows exposed to breeding. Calves were born in the spring and male calves were castrated at birth. Calving was observed closely by herdsmen and scored as 1 = no difficulty, 2 = minor assistance without use of mechanical puller, 3 = moderately difficult pull, 4 = hard pull and 5 = Caesarian birth. For analysis of percentage of difficult births, each birth was coded as 0 (calving score of 1 or 2), or 1 (calving score of 3, 4 or 5). Calves were not creep-fed. Calves were mated to A bulls. Some of the F1 females were mated to H sires and some were mated to sires of the other breed in the respective rotation. Data from these matings of F1 dams to non-Hereford sires were limited and not included in analyses. However, female offspring from these matings were retained as replacements, and data from their subsequent performance as dams and from their offspring were included in analyses. Cows in the SHS and AHA groups ranged from 1/4 to 3/8 H and their calves from 5/8 to 11/16 H. Cows within the HSH and HAH groups ranged from 5/8 to 3/4 H and their calves from 5/16 to 3/8 H.
Distribution of observations by breed group and year is given in Table 2 for number of calves born. Because replacements for the H, SH and AH groups were not brought into the herd continuously, these groups eventually were completely displaced by the HSH, SHS, AHA and HAH breed groups representing subsequent generations of the two rotations. 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 dams were mated to S sires and HAH dams were mateed to A sires.
Statistical Analysis. Data were analyzed by least squares procedures (Harvey, 1985) . Cows were classified into three groups for purposes of analysis: 3-yr-olds, 4-yr-olds and 5-through 10-yr-olds. Fixed effects included in full model analyses of most traits were breed group, yearwinter management group, calf sex and cow age as main effects and breed group x sex, breed group x age, year-winter management group x sex and sex x age interactions. Calf sex and interactions with calf sex were not included in analyses of pregnancy rate and weaning rate. Cow nested within breed group was included as a random effect; its mean square was used as the denominator for an approximate test of breed group. The linear effect of calf age at weaning was included as a covariate for analysis of calf weaning weight. Two-way interactions not approaching signxicance were deleted from the model for a given dependent variable, and breed group least squares means were calculated from reduced model analyses. The breed group x dam age interaction remained in the final model for analysis for calf traits and some cows traits. 
Results and Dlscusslon
Least squares means are presented by dam breed group. However, dam breed group and sire breed are confounded, so dam breed group comparisons actually are comparisons among dam breed group-sue breed combinations.
Least squares means by breed group for cow size traits and weightheight are presented in Table 3 . Breed group was a significant source of variation for cow unshrunk weight after calving and height in spring and fall, and for weighaeight in spring, but not in fall. Cows weights and weightheight ratios were consistently greater in fall than in spring, reflecting seasonal differences in nutrient availability. Averaged over spring and fall, cow weights averaged 470, 509 and 457 kg for Breed group was a significant source of variation for gestation length but not for the other reproductive traits presented in Table 4 . Least squares means for pregnancy rate and weaning rate averaged 91.5 and 89.3%, respectively, over all breed groups. Even with rather broad ranges among breed group means for pregnancy rate and weaning rate, breed group F-tests based on the cow within breed group error term were not significant. Julian date of calf birth averaged 86.9 d overall. The H mean for gestation length was intermediate compared to crossbred groups, but Simmental crosses averaged 2.4 d longer for gestation length than A crosses. Within the S x H rotation, gestation length was .8 d longer (P = .054) for HSH cows producing S-sired calves than for SHS cows producing H-sired calves. Within the A x H rotation, gestation length was .8 d (P = .07) longer for AHA cows producing H-sired calves than for HAH cows producing A-sired calves. Compatibility between breeds within each rotation was quite acceptable with regard to calving difficulty. However, these data were limited to cows that had calved previously at least once in their lifetimes. Of particular interest was the comparison of HSH cows producing S-sired calves (1984) . Frahm and Marshall (1985) reported pregnancy rates of 82.0 and 73.8% for AH reciprocal crosses and SH cows, respectively, and weaning survival rates were similar for those breed groups. Comerford et al. (1987) reported that straightbred S and H cows did not differ significantly for birth or weaning percentages when producing crossbred calves. The breed group x cow age interaction was significant for calf birth weight and weaning weight. Across all breed groups, calves from 3-yr-old dams tended to weigh less than calves from older dams at birth and weaning, as expected ( Table 5) . For H, SHS, AHA and HAH dam breed groups, calves from 4-yr-old dams tended to weigh less at birth than calves from mature (5-through 10-yr-old) dams. For SH, HSH and AH, however, birth weights were quite similar for calves from 4-yr-old vs mature dams. For the SHS and SH groups, weaning weights of calves from 4-yr-old dams were similar to those of calves from mature dams. Among other breed groups, differences between subclass means for mature dams vs 4-yr-old dams were 9.3 kg for H, 7.0 kg for HSH and averaged 7.8 kg for the three A x H groups. 
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dams were mated to S sires and HAH dams were mated to A sires.
Breed group was a significant source of variation for all birth and preweaning traits presented in Table 6 . Calf birth weights averaged 3.6 kg heavier for crossbred groups than for H calves. Birth weights of S-cross calves averaged 3.1 kg heavier than those of Across calves. Within the S x H rotation, calves from HSH cows mated to S sires averaged 1.7 kg heavier at birth than calves from SHS cows mated to H sires. Within the A x H rotation, calves from HAH cows mated to A sires averaged .9 kg heavier at birth than calves from AHA cows mated to H sires. Fredeen et al. (1982) , Cundiff et al. (1984) and Frahm and Marshall (1985) all reported heavier birth weights for calves from SH cows than for calves from AH reciprocal cross cows with cows mated to sires of a third breed. Results reported by Anderson et al. (1986) for birth weights of calves from H, AH and SH cows also closely agree with those presented here. Comerford et al. (1987) reported that birth weights were heavier for straightbred S calves than for H, although birth weights of S x H cross calves did not differ significantly from those of H calves.
Weight gain from birth to weaning averaged 805, 972 and 889 g/d for straightbred H, Scross and A-cross calves, respectively. Within the S x H rotation, calves from SHS cows gained 58 g/d more than calves from HSH cows. In the comparison of SHS vs HSH, heavier calf weaning weights were attained in matings in which the service sire was of the breed of smaller mature size. Within the A x H rotation, calves from AHA cows gained 28 g/d more than calves from HAH cows. The signs of all contrast values for calf weaning weight were the same as for preweaning ADG. Fredeen et al. (1982) , Cundiff et al. (1984) and Frahm and Marshall (1985) all reported that weaning weights were heavier for threebreedcross calves from SH cows than from AH reciprocal cross cows. MacNeil et al. (1982) reported that values for individual and maternal breed direct effects were considerably higher for S than for H or A. Rankings of H, AH and S-cross dam breed groups for calf weaning weight in the present study are in agreement with those reported by . Comerford et al. (1988) reported that preweaning ADG and weaning weights were greater for calves from S dams than for calves from H dams.
Rankings of SHS and HSH dam breed groups were reversed for calf birth weight than for calf ADG to weaning. Calf birth weights were higher in matings in which S was the sire breed. On the other hand, rankings of SHS and HSH for calf ADG were the same as rankings for proportion of S in the dam. Anderson et al. (1986) reported 1.2 kg heavier birth weights and 16 kg heavier weaning weights for calves from 3S1H dams than for calves from 1S3H dams with dams mated to sires of a third breed. Workers at the University of Georgia reported similar birth weights (Comerford et al., 1987) but grater preweaning ADG and weaning weights (Comerford et al., 1988) for calves from S dams mated to H sires than for calves from H dams mated to S sires.
Based on previous studies, one might expect S to have a positive individual additive effect for prenatal growth and positive individual additive and maternal environmental effects for growth from birth to weaning relative to H. Assuming such was the case in the present study, then different rankings among the S-cross groups for birth weight vs preweaning ADG might result if the importance of maternal environmental effects compared to individual effects were larger for calf preweaning ADG than for prenatal growth. Grandmaternal effects also could have played a role, assuming that milk production was higher for dams of higher percentage S and recognizing that HSH cows were daughters of SHS or SH dams. Also, the range environment might not have provided sufficient available energy to Ssired calves to compensate for any lack of energy from milk production of lower-percentage S dams. A review by Koch (1972) and studies reported by Alenda et al. (1980) , Koch et al. (1985) and Dearborn et al. (1987) have suggested that a negative relationship sometimes exists between maternal and grandmaternal effects for some preweaning traits, particularly those related to lactation. One possible explanation for the results of the present study is that a relatively large negative relationship between maternal and grandmaternal effects existed for ADG and a smaller (not necessarily negative) relationship existed for birth weight. Cantet et al. (1988) reported negative values for the path between maternal phenotype of dam and daughter of -,15 and -.25 for birth weight and weaning weight, respectively, in a study of H cattle.
In the present study, breed group rankings of AHA and HAH for calf birth weight and ADG to weaning were related to proportion of H in a similar manner to that of the S-cross groups, although the magnitudes of differences between groups were less for A crosses. Most published dam breed evaluation studies utilizing crossbred cows have been based on F1 cows mated to bulls of a third breed. Because the present study utilized rotational crossbreeding, it is useful to highlight some comparisons of these results to those obtained in previous studies. Comparisons of S vs A averaged across groups within a rotation in the present study generally agree with comparisons of S vs A F1 cross cows used in other studies for most of the traits reported here. As mentioned previously, Frahm and Marshall (1985) reported a larger difference for reproductive rate between Across and Scross cows (in favor of Across) than that reported here. The frequency of calving miculty observed in the present study for S x H and A x H rotations was considerably less than that reported for F1 cows mated to terminal sire breeds by Frahm and Marshall (1985) and Cundiff et al. (1984) . Although statistical comparisons of specific S x H subgroups to A x H subgroups were not made in this study, they are of interest. For example, the difference between SH and AH dam group means for calf preweaning ADG was 81 g/d (9.2%), whereas the difference between calves from SHS dams mated to H sires vs calves from HAH dams mated to A sires was 127 g/d (14.5%).
Implications
Differences in cow size and preweaning calf production characteristics are important to consider when attempting to match cow biological type to environmental conditions. Important differences among straightbred Hereford and crossbred Simmental x Hereford and Angus x Hereford for cow size and calf growth to weaning were observed. Acceptable cow reproductive performance was attained across breed groups under the northern plains range environment. Evaluation of different breed groups within the two-breed rotational c r o s s b r d g systems suggest that compatibility of Simmental with Hereford and Angus with Hereford is acceptable in rotational breeding systems with regard to both mature cow size and calving difficulty.
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